Little is known about adherence to dietary recommendations and depression. 
Introduction
Unhealthy diet and depression are major public health concerns, which impact morbidity and even mortality (Mortality and Causes of Death, 2015; Whiteford et al., 2013) . In recent years, the complex associations of diet and depression have raised great interest. Healthy diet has been described as a protective factor for the occurrence and recurrence of depressive disorders (Lai et al., 2014; Rahe et al., 2014) . First, research focused on single nutrients, then, concentrated on single dietary components and dietary patterns, such as the Mediterranean diet. In summary, there are indications that unhealthy dietary patterns may affect the onset of depression (Quirk et al., 2013; Rahe et al., 2014) and it has been shown previously that a large number of bioactive compounds (e.g. ghrelin, leptin, IGF-1, anti-oxidants) may act as mediators of particular foods and affect mental health (Lang et al., 2015; Miller et al., 2000) .
To the best of our knowledge, only one longitudinal study and two cross-sectional studies investigated the associations between existing dietary recommendations and mental health (Akbaraly et al., 2013; Jacka et al., 2012; Richard et al., 2015) . Dietary recommendations for single dietary components, such as fruit and vegetables, fish, and meat, are broadly promoted in many countries in order to enhance an individual's physical health. The recommendations vary among different countries, but are broadly known and promoted by national nutrition societies, but also by the food industry.
Definitions of these recommendations (e.g. 5-a-day for fruit and vegetables) were derived from the WHO Global Strategy on Diet, Physical Activity and Health (World Health Organisation, 2004) . Healthy fruit and vegetable consumption, known as the 5-aday recommendation (i.e. daily consumption of at least 3 portions of vegetables and 2 portions of fruit), is the best-known dietary campaign. It was implemented in the 1990s by the National Cancer Institute in the U.S, and started in Switzerland in 2001 recommended by the Swiss Nutrition Society (Schweizerische Gesellschaft für Ernährung SGE, 2013) . The recommendation of consuming meat less than 5 times a week is similar in Switzerland as mentioned in the World Cancer Research Fund (WCRF), which examined lifestyle factors that affect different types of cancer (WCRF and AICR, 2009 ). The origin of the Swiss recommendation of consuming fish at least once a week is unclear. All these recommendations are based on research results that examine physical health, and not mental health, as an outcome.
In Switzerland, dietary recommendations are based on the Swiss Nutrition Society (Schweizerische Gesellschaft für Ernährung SGE, 2013) . Compliance with dietary recommendations among adults in Switzerland is low (de Abreu et al., 2013) .
Thus, it is worthwhile not only to look at associations of diet with physical health, but also with mental health, which could then lead to the proposition of adhering to dietary recommendations if such a link were shown. In our previous research, we have shown significant inverse associations of the adherence to the 5-a-day recommendation of fruit and vegetables consumption with psychological distress (Richard et al., 2015) , which may be an indicator of depression (Bale, 2006) .
The aim of our study was to estimate the associations between adherence to several dietary recommendations and depression in Switzerland, in addition to look even more closely at depression by including subtypes of depression. It is important to assess diet quality across subtypes because depression subtypes have previously shown different associations with BMI, obesity indicators and cardiovascular risk factors (Lasserre et al., 2016 ).
Hence, due to the lack of knowledge, we first examined the associations of adhering to a variety of dietary recommendations -such as fruit, vegetables, meat and fish consumption -with depression. The possible role of milk and dairy products in depressive symptoms has not received much attention in the literature and the findings of previous studies have been inconsistent (Aihara et al., 2011; Meyer et al., 2013; Miyake et al., 2016; Pasco et al., 2015) . Therefore, we did not include this food group into our analyses.
Second, given the increasing awareness of the heterogeneity of major depressive disorder in terms of symptom manifestations, course and response to pharmacological treatment (Antonijevic, 2006; Ghaemi and Vohringer, 2011; Halbreich, 2006; Klein, 2008) , we additionally evaluated clinically diagnosed subtypes of depression because dietary habits may differ among depression subtypes.
To enhance the representativeness for Switzerland to include different types of assessment of diet and depression, we included two different population-based Swiss datasets. The first one, from the CoLaus/PsyCoLaus study in Lausanne, provides dietary information from a food-frequency questionnaire and information about major depressive disorders (MDD) based on a semi-structured interview, which also allowed to define subtypes of depression. The second one is derived from the Swiss Health Survey (SHS), a population-based study with approximately 20,000 participants and self-reported data on food consumption and depression.
Methods

Study population
The data of the present paper stemmed from CoLaus/PsyCoLaus (Firmann et al., 2008; Preisig et al., 2009 ), a prospective cohort study designed to study mental disorders and cardiovascular risk factors in the community. The sample was randomly selected from the residents of the city of Lausanne To our knowledge, the SHS and the PsyCoLaus study are two of the largest populationbased studies in Switzerland with data on both depression and diet quality.
Dietary intake
In CoLaus/PsyCoLaus, a semi-quantitative food frequency questionnaire including about 90 food items and three different serving portions for each item was used. It assessed eating behaviors for 4 weeks prior to data collection and was developed and validated in the general adult population of Geneva, Switzerland (Morabia et al., 1994) .
In the SHS eating behavior was assessed with questions on the usual frequency and number of portions consumed. For both fruit and vegetables, two questions were asked.
The first question was related to frequency: "On how many days a week do you usually eat fruit or drink fruit juices?" or "On how many days a week do you usually eat vegetables or salad or drink vegetable juices (potatoes do not count)? Answers were coded as "less", "rarely", "1", "2", … to "7" times a week. The second question was related to the number of portions consumed: "And how many portions of fruit or fruit juices do you consume on average per day? One portion would be as big as a handful (i.e. 1 apple, 1 pear). For juice it is about 2 dl" and "And how many portions of vegetables, salad or vegetable juices do you consume daily on average? One portion would be as big as a handful (or about 1 tomato, 1 big carrot). For juice it is about 2 dl". The second question was only asked if the first question was positive for a frequency of at least "5 times a week" and answers were coded into "less than 1 portion", and "1", "2", "3", "4" and "5 portions or more". In relation to meat and fish consumption the following questions were asked: "On how many days a week do you eat fish on average?" and "On how many days a week do you usually eat meat or meat products?" Answers were coded as "less", "rarely", "1", "2", … to "7" times a week.
Consumption frequencies reported by the study participants were converted into daily frequency and then the food items were dichotomized according to the dietary recommendations from the Swiss Society of Nutrition (Schweizerische Gesellschaft für Ernährung SGE, 2013). Adhering to the dietary recommendations was defined as follows: at least 2 portions of fruit or fruit juice per day, at least 3 portions of vegetables per day, at least 3 portions of vegetables and 2 portions of fruit per day (5-a-day), less than 5 portions of meat or red meat per week (CoLaus/PsyCoLaus)/ less than 5 times a week (SHS), and at least one portion of fish per week (CoLaus/PsyCoLaus)/ at least once a week (SHS).
Outcome measures
In CoLaus/PsyCoLaus, depression was assessed using the semi-structured Diagnostic Interview for Genetic Studies (DIGS) (Nurnberger et al., 1994; Preisig et al., 1999) , where current, remitted and lifetime major depressive disorder (MDD) were diagnosed according to the DSM-IV criteria. The French translation of the DIGS was used (Leboyer et al., 1995) , which has shown excellent inter-rater and sufficient test-retest reliability in terms of kappa and Yule's Y coefficients for major mood and psychotic disorders (Preisig et al., 1999) . The DIGS allows for the categorization of lifetime MDD into four subtypes (Angst et al., 2007) 1) MDD with at least one atypical and one melancholic episode (combined type); 2) MDD with at least one atypical (but no melancholic) episode; 3) MDD with at least one melancholic (but no atypical) episode; and 4) MDD with neither atypical nor melancholic episodes (unspecified type). For the definitions of MDD subtypes, we used the DSM-IV specifiers. Considering the ongoing controversies related to the atypical specifier (Angst et al., 2002; Matza et al., 2003; Parker et al., 2002) , we used the DSM-IV criteria for atypical depression features in a non-hierarchical way (Angst et al., 2002) . Given that we adjust for body mass index (BMI), we only applied the appetite part of the DSM-IV criterion of atypical depression requiring either increased appetite or weight gain.
In the SHS of 2012, depression was assessed using the Patient Health Questionnaire (PHQ-9). This short screening questionnaire is a valid tool to assess depression by scoring on each of the 9 DSM-IV criteria for major depressive episodes and is broadly used in both practice and research (Kroenke et al., 2001; Manea et al., 2012) . Symptoms over the last two weeks were assessed. From a possible total score of 27 the cut-off point of ≥10 has shown a sensitivity of 88% and a specificity of 88% for the diagnosis of current major depression (Kroenke et al., 2001; Manea et al., 2012) . Thus, we dichotomized a participant's PHQ-9 score into <10 (no depression) and ≥10 (depression).
Covariates
We used a priori defined covariates according to the literature (Lai et al., 2014) . Age, sex, body mass index (BMI), socio-economic status (SES) and educational level, alcohol consumption, smoking status, and physical activity were included (for both CoLaus/PsyColaus and the SHS). BMI was defined as weight/height 2 . SES was determined according to the Hollingshead scale (Hollingshead AB.) and educational level was divided into low (compulsory education or less), middle (secondary education) and high (tertiary education). Alcohol consumption was categorized into non-drinkers, low risk (1 to 13 drinks per week), medium to high risk (14 to 34 drinks per week), and very high risk (35+ drinks per week) in CoLaus/PsyCoLaus, and as ≤20 g ethanol per day for women and ≤40 g for men vs. >20 g and > 40 g, respectively, in the SHS (U.S. Department of Agriculture and U.S. Department of Health and Human Services, 2010). Never, former and current smokers were differentiated. In CoLaus, participants were considered to be physically active if they reported physical activity for at least 20 minutes twice a week and in the SHS if they reported at least 150 minutes of exercise per week (BASPO, 2013) . Energy intake was computed based on the French CIQUAL food composition table, which was linked to the FFQ used in Psycolaus.
Statistical analyses
Statistical analyses were performed with the Stata software version 13.1 (Stata Corporation, College Station, TX, USA). Descriptive characteristics of the study samples were stratified by depression status and described by means ± SD and percentages.
Results of the SHS were weighted. Weights from the written questionnaire were provided by the Swiss Federal Statistical Office (SFSO), which allows for comparison with the permanent Swiss population in 2012 with regard to sex, age, geographic region and nationality (Swiss vs. others). For CoLaus/PsyCoLaus, the sample has been shown to only slightly differ from the general population of Lausanne in age but not in sex.
Therefore weighting is not needed for analyses (Preisig et al., 2009 ).
Logistic regression analyses were used to assess the associations between adhering to the dietary recommendations and depression as a dichotomous outcome and computed in terms of Odds Ratios (OR) and 95% confidence intervals (CI). For CoLaus/PsyCoLaus, remitted depression was excluded from the analyses of the dichotomized outcomes of "no MDD" and "current MDD". Moreover, for the analyses of the dietary recommendations with MDD subtypes in CoLaus/PsyCoLaus, we conducted maximumlikelihood multinomial (polytomous) logistic regression analyses with "no MDD" as the reference. To enhance comprehensibility results were expressed in terms of OR instead of using the original output of Relative Risk Ratio (RRR). Models computed in sequence were, first adjusted for age-and sex; second, adjusted for all demographic factors, and third, adjusted for all demographic and dietary factors (meat, fruit, vegetables and fish mutually).
Results
Descriptive characteristics of both study samples are shown in table 1.
In CoLaus/PsyCoLaus, we observed no statistically significant associations of adherence to any dietary recommendations with current MDD (table 2). Additionally adjusting for energy intake did not change the results and neither did comparing lifetime MDD (i.e. 
Discussion
In our study, we did not find any association of adherence to dietary recommendations with current depression in either of the two study populations except for adherence to fish consumption, which was positively associated with depression in the SHS contrary to our expectations. For subtypes of depression, we found positive associations of adhering to vegetables and 5-a-day recommendations with current unspecified and current melancholic depression.
Furthermore, we found differences in prevalences of depression between the SHS and PsyCoLaus, which are most probably explained by the fact that in the SHS symptoms of major depression over the last two weeks were assessed. In contrast, Psycholaus assessed current, remitted and lifetime major depressive disorders. However, the lifetime prevalence of depressive disorders in our PsyCoLaus data (about 45% in the first follow-up) is higher than the typical range of lifetime estimates according to recent studies using interviews based on DSM-IV criteria. The high prevalence of depressive disorders in PsyCoLaus is at least partially be explained by the particular features of the sample and the diagnostic instrument. Study participants were recruited in an urban area and there is evidence for high prevalence of any psychiatric disorder including depressive disorders in urban areas (e.g. NEMESIS) (Peen et al., 2007) . In addition, the characteristics of the DIGS interview further favored the diagnoses of depressive disorders. Second, the interview was administered by trained psychologists in a face-toface setting, which also favours recall compared to completion of a rating scale. The semi-structured nature of the DIGS was likely to provide higher prevalence estimates than, for example, the fully structured Composite International Diagnostic Interview (CIDI), which was applied in most previous community surveys. Indeed, research that compared the fully structured Diagnostic Interview Schedule (DIS), designed similarly to the CIDI for lay interviewers, with the semi-structured Schedule for Clinical Assessment in Neuropsychiatry (SCAN) found twice as high rates of MDD according to the latter interview conducted by mental health professionals (Eaton et al., 2000) . It has been suggested that structured interviews may even under-estimate the prevalence of depression in community samples (Kruijshaar et al., 2005) .
In contrast, information on depression in the SHS was collected using only the self-rated PHQ. Although this short screening questionnaire is a valid tool to assess depression by scoring on each of the 9 DSM-IV criteria for major depressive episodes and is broadly used in both practice and research (Kroenke et al., 2001; Manea et al., 2012) , it only assesses symptoms over the previous two weeks. In this respect, this is more of a measure of current depression and prevalence rates of current episodes are generally much lower than lifetime estimates.
Our new findings focusing on dietary recommendations can be compared in regard to a variety of studies, which examined the associations of diet with depression (Lai et al., 2014; Murakami and Sasaki, 2010; Quirk et al., 2013; Rahe et al., 2014; Sanhueza et al., 2013) . Limited evidence between dietary patterns and depression was found in two reviews, such as an inverse association of western diet with depression, and a positive association of Mediterranean diet with depression (Quirk et al., 2013; Rahe et al., 2014) .
One review concluded that a high intake of fruit, vegetables, fish, and whole grains, but not a western dietary pattern, was associated with a lower risk of depression (Lai et al., 2014) , but another systematic review of observational studies (10 prospective, 23 crosssectional, and 1 case-control study) came to the conclusion that an association between dietary habits and depression was mostly not present, and that this may be due to methodological limitations (Murakami and Sasaki, 2010) . In contrast, a systematic review of randomized controlled trials observed improved symptoms in depressed individuals after dietary interventions (Opie et al., 2015) .
Less is known with respect to the adherence to dietary recommendations. One prospective study found an association between adherence (summarized from different foods into a score) and a reduced likelihood of developing recurrent depression after 5 years in women, but not in men (Akbaraly et al., 2013) . In contrast to pre-defined dietary scores, another approach to assess the association of diet with depression has been widely used by extracting factors from a food-frequency questionnaire and then deriving dietary patterns that are associated with depression. In a cross-sectional study, a healthy dietary pattern, i.e. consumption of high fresh vegetable, cooked vegetable, fruit, whole-grain bread, poultry, berry, low-fat cheese and fish, was associated with lower depression prevalence (Ruusunen et al., 2014) . In the same study this "prudent" pattern was inversely associated with the risk of suffering from depression after 16.5 years of follow-up. A further study in middle-aged Australian women identified healthy dietary patterns from factor analysis, in which the "Mediterranean-style" dietary pattern was associated with lower incident depression after 3 years (Rienks et al., 2013) . One important part of a Mediterranean diet is a high intake of fruit and vegetables (Ferrari and Rapezzi, 2011) .
To our knowledge, there is no study that looked at the association of adherence to the 5-a-day recommendation of fruit and vegetable consumption with depression. In a previous analysis of the SHS data, we showed that adhering to these recommendations was associated with lower psychological distress (Richard et al., 2015) .
There is good evidence that high red and processed meat consumption is associated with higher physical morbidity and mortality in prospective studies (Bouvard et al., 2015; Larsson and Orsini, 2014) . However, an Australian cross-sectional study observed that low or no meat consumption was associated with MDD (Baines et al., 2007) and another cross-sectional study in Australian women reported that adhering to the dietary recommendation for red meat was positively associated with depression compared to not adhering to these recommendations (Jacka et al., 2012) .
The association of fish consumption with depression has been examined widely for years (Hibbeln, 1998) and results provide some evidence for a protective effect of fish consumption on depression, as observed in a recent meta-analysis including cohort studies (Li et al., 2015) . In our study, we found no associations in CoLaus/PsyCoLaus, but a positive association of fish consumption and depression in the SHS. Nevertheless, this association is only borderline significant, and thus, may be due to chance. On the other hand, fish consumption may be associated with a higher risk of depression due to contamination with heavy metals such as methylmercury or contamination with dioxin.
There is some evidence that high exposure to mercury may increase the risk of psychiatric symptoms, but in relation to low level mercury exposure and depression, human studies have not yielded consistent results (Ng et al., 2013) . Concerning dioxin exposure and depression the evidence of the very limited number of studies is inconsistent (Morse et al., 2012) . Furthermore, in the SHS there is no information about the kind of fish the participants consumed, thus their exposure to contaminants in fish cannot be estimated. The kind of fish is of importance, because methylmercury for example enters aquatic food chains, starting with uptake into plankton and eventually attaining its highest concentration in large, predatory fish. It accumulates throughout the lifetime of the fish. Thus the highest concentrations are found in the longest lived, top predatory fish such as shark and swordfish in the oceans and pike and bass in freshwater. Thus, information on the kind of fish but also of the exact amount consumed is of importance to estimate exposure to contaminants (Clarkson, 1993) . Such data are missing in the SHS.
Based on the results of the above mentioned reviews, we hypothesized that the lack of association between adhering to dietary recommendations and MDD may be due to the variety of depression phenotypes which are characterized -amongst other factors -by different eating behaviors (Harald and Gordon, 2012) . Thus, diet might be associated with some, but not all, subtypes of depression. This was partly shown in the present analyses of CoLaus/PsyCoLaus data, as adherence to the vegetable-and the 5-a-day recommendations were associated with current unspecified and current melancholic MDD. Core symptoms of melancholic MDD are psychomotor change, loss of pleasure, and lack of mood reactivity, loss of appetite and loss of weight as a consequence.
We hypothesize that adhering to the 5-a-day recommendations in current melancholic depression is associated with weight loss, because of the healthier eating behavior. This hypothesis is supported by a recent CoLaus/PsyCoLaus analysis, which reported low body weight in individuals with melancholic MDD cross-sectionally (Glaus et al., 2013) , and by another cross-sectional study that found the highest dietary quality scores in patients with melancholic depression (Rahe et al., 2015) . However, another CoLaus/PsyCoLaus analysis observed that individuals with remitted melancholic MDD had even lower BMI compared to subjects with other depressive disorders at baseline (Lasserre et al., 2014) , and a longitudinal analysis within CoLaus/PsyCoLaus showed that low BMI preceded the onset of MDD in general and also of melancholic MDD. The participants with melancholic MDD had decreased appetite and lost weight during their depressive episodes although their BMI was comparable with that of the non-depressed after the depressive episode (Lasserre et al., 2014) . This could imply that depression changes dietary habits. In this context, it is of interest to note that Rahe and colleagues (Rahe et al., 2015) found in their German cross-sectional study that patients with melancholic depression had significantly higher diet quality scores than controls from the general population. The diet quality score reflected the adherence to nutritional recommendations on a well-balanced diet including consumption of fruit and vegetables, whole grain products, fish, meat etc. Furthermore, patients with melancholic depression showed the highest, and patients with atypical depression the lowest diet quality score, with a higher consumption of the food groups "chocolate", cake/pastries/biscuits" in the latter group. Rahe et al. concluded that patients with melancholic depression seem to consume less of these low-quality foods, which in turn has positive impact on their actual diet quality (Rahe et al., 2015) . Even though in both studies it was not possible to clarify why patients with melancholic depression ate a healthier diet, our findings and the results of the study by Rahe et al. go in the same direction and thus might not just be chance findings. Hence, reverse causation might also be an explanation for our findings.
However, the positive association of adherence to the 5-a-day recommendations and current unspecified MDD is novel and has not been examined in other studies. This needs to be tested in prospective studies.
Strengths and limitations
This study provides the opportunity to compare results from two population-based Swiss studies, which had different strengths concerning the study design. In summary, CoLaus/PsyCoLaus provided the more methodologically sound instruments for assessing exposure and outcome variables, whereas the SHS contributed to a broader population-based approach, with a higher generalizability of findings for Switzerland. In
PsyCoLaus there is an optimal measure of depression using a semi-structured interview administered by trained psychologists, contrary to the bulk of research which measured depression using rating scales. In addition, the interview data allowed to subtype MDD which is not possible using rating scales. Moreover, PsyCoLaus used a validated relatively comprehensive scale for the assessment of diet quality. Also adjustment for BMI was done using somatic measures of weight and height taken by nurses and was not based on self-reported BMI.
For the explanatory dietary variables two approaches were used: a semi-quantitative food frequency questionnaire in CoLaus/PsyCoLaus and single questions in the SHS.
Thus, results of the associations of adhering to dietary recommendations and depression that were concordant between CoLaus/PsyCoLaus and the SHS provide a good estimate for these associations, which were basically null, for Switzerland. This was true for lifetime depression (CoLaus/PsyCoLaus) as well as for depression during the past two weeks (SHS). However, our conclusions are limited by the cross-sectional design of both studies and, thus, reversed causality should also be considered.
Furthermore, residual confounding cannot be excluded.
A further strength is the inclusion of depression subtypes to clarify possible associations of diet with depression, which has rarely been examined to date (Li et al., 2015) . On the other hand, a limitation of this approach is the low sample sizes in subgroups, such as low adherence to dietary recommendations in some the subtypes of depression (de Abreu et al., 2013; Schweizerische Gesellschaft für Ernährung SGE, 2013) . Thus, our negative findings might partly be explained by the lack of statistical power. A further strength was the similar controlling for potential confounders in both studies, which allowed us to present multivariable adjusted results from both studies in parallel.
Dietary patterns are often assessed quite heterogeneously and results of these studies are contradictory. Therefore, the assessment of existing dietary recommendations in contrast to dietary patterns might be more meaningful.
In conclusion, we did not observe any meaningful associations of adhering to dietary recommendations with depression in Switzerland in two population-based study types; only fish consumption turned out to be positively associated with MDD in the SHS although this was only marginally significant. For subtypes of depression, we found positive associations of adhering to vegetables and 5-a-day consumption with current unspecified and current melancholic depression. As little is known about diet and subtypes of depression further analyses are needed, in particular using prospective studies to eliminate the effect of reverse causation. 3 Multivariable adjusted and additionally adjusted for fruit, total meat and fish.
4 Multivariable adjusted and additionally adjusted for total meat and fish.
5 Multivariable adjusted and additionally adjusted for fruit, vegetables and fish.
6 Multivariable adjusted and additionally adjusted for fruit, vegetables, total meat minus read meat and fish.
